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ON THE P-63A-1-BE SERIES AIRPLANE

By Harold I. Johnson and Robert G. Mungall
SUMMARY

FPlight tests were made to determine the cause and
correction for the unusual stick-free instability of the
original production P-63 airplane in high-speed straight
flight. When the elevator stick force was trimmed to zero
at some level-flight sveed, a pull force was required to
maintain steady flight at higher speeds. Longltudinal
stability tests were made in straight and turning flight
with two combinations of stabllizer setting and elevator
rib spacing. In addition to usual measurements of longi-
tudinal stability, motion pictures were taken of the ele-
vator in order to determine the fabric distortion charac-
teristics.

Results showed that the longitudinal stick-free
instability of original production P-6% airplanes at high
speeds in straight flight was caused by the excessive
elevator rib spacing and by the high stabllizer incidence.
When the elevator rib spacing was changed from 8% to

hi inches and the stabilizer incidence was reduced
i

from 2.7° to 1.1° from the thrust axis, the following
results were obtained: ‘

{a) Stick-free stability was improved to a satisfac-
tory degree.

(b) Maximum fabric deflection was reduced to one-
fourth the original amount.
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(¢) In turns up to 5g normal acceleration, no
measurable cnange 1n stlclk-force character-
istics was anparent.

Data obtained by the Bell Alrcraft Corporation showed
that the use of fabric-covered elevators having narrow
rib spacing or of metal-covered elevators with a sta-
bilizer setting 2.7° up from the thrust axis reduced the
stick~free instability but did not eliminate it.

INTRODUCTION

At the request of the Air Technical Service Command,
Army Alr Porces, an extensive flight investigation was
conducted to improve the longitudinal stability charac-
teristics of the P-563 series alrplane.

The ori.inal production P-63A-1 airplanes nosszessed
undesirable stick-force variations with soeed in straight
flight. When the elevator stick forces were trinmed to
zero at some level-flight speed and the airplane was then
dived to a higher speed, a pull force was required to
maintain steady fiight., To determine the cause of the
undesirable variation in stick force with indicatec air-
speed, flight tests were made and are described herein.
These tests consisted of measuring the longitudinal sta-
bility and control characteristics of the airplane with
two horizontal-tail configurations differing in stabilizer
incidence and elevator rib spacing.

ATRPLANE AND TIZSTS

A three-view drawing of an original production
P-63A-1 airplane is shown in figure 1. The main dimen-
sional characteristics of tne alrplane are listed in the
appendix of reference 1. The elevator-to-stick gearing
ratio is given in figure 2.

The flight program consisted in determining steady
straight and turning flight longitudinal stability and
control characteristics with two different airplane con-
figurations. One configuration consisted of the original
production stabilizer set 2.7° up from the thrust axis in
combination with the original production elevator that had
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a rib spacing of 8% inches. The other configuration con-

sisted of the original horizontal stabilizer set 1.1 up
from the thrust axis in combination with elevators of the
same contour as the original producticn elevators, but

which had the rib spacing reduced to 4l inches. 1In the

4
straight flight tests, the elevator stick force was
trimued to zero at an indicated airspeed of about 300
miles per hour, and the stick forces and elevator angles
required to maintain steady straight flight throughout
the speed range were measured, These tests were made with
rated power and with engine idling. In turning tests, the
elevator stick force was trimmed to zero in straight flight
at various chosen indicated airspeeds, using normal rated
powar, and then the stick forces and elevator angles
required to maintain steady normal accelerations between 1
and 5g in turns at tlie chosen speeds were measured. Motion
pictures were taken of the upper and lower surfaces of the
elevators by means of cameras mounted in the rear of the
fuselage.

Measurements were made first with an original produc-
tion P-63A~1 aivplanc (AA" No., 42-68861) which had a sta-
bilizer incldence of 2.7° and was equipped with elevators
having an average rib spacing of 8% inches between rib

center lines. The dimensions of the elevators are glven

in table I under column A. No measurements of the elevator
fabric distortion were obtained in these initial tests.
Later, another P-63A-1 airplane (AAF No, 42-68889) having
the same stabilizer incidence and type of elevators, except
for a minor change in plan form at the inboard end (com-
pare in figs. 1 and 3), was tested briefly to obtain pic-
tures of the elevator fabric distortion characteristics.
The dimensions of the horizontal tail of the second air-
plane tested are given in column B of table I, The ele-
vators of the second airplane tested had an average fabric
tension of 3 pounds per inch as measured by an NACA
instrument for determining fabric tension. As would be
expected, the two airplanes had nearly identical elevator
stick-force characteristics. Finally, measurements were
repeated with airplane number 42-63889 after the stabilizer
incidence had been reduced from 2.7° up from the thrust
axis to 1.1° up from the thrust axis and the elevator rib
spacing had been cut in half (fig. 4). The fabric tension
was not measured on the latter elevator because the only
instrument available for measuring fabric tension was too
large to be used on panels formed by ribs spaced 41 inches
apart, &
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The interiors of the elevators tested were vented by
openings in the sides of the hinge cut-outs and by Jrain
holes on the lower surfaces near the trailing edge. The

openings at the center hinge pocket were 1§—inch Ciameter

lightening holes in the ribs adjacent to the hinge and the
opening at the outer hinge was a half-moon shaped hole of
about one-fourth the area, located at the leading edge of

the outermost rib. The dtain holes were é inch in diameter

with center lines located 2 inches from the trailing edge
and 1§ inches outboard of each rib.

INSTRUMENTATION

Airspeed, elevator internal pressure, elevator angle,
stick force, and normal acceleration were all measured
with standard NACA recording instruments. The upper and
lower surfaces of the right elevator were photographed
with electrically driven l6-millimeter gun camersas.

The airspeed pitot-static head was mounted on a boom,
one chord length ahead of the right wing, near the wing
tip. Service indicated airspeed is used throughout tihis
report. This airspeed is the reading of a standard Army-
Navy airspeed meter connected to a pitot-static head free
from position error, and may be defined as:

Vig = 45.08 f£4\/d,

where

Vis corrected service indicated airspeed, miles per
hour

fo standard sea-level compressibility correctiou
factor

Qe measured difference between total head and static

pressure corrected for pitot-static position
error, inches of water
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: The elevator angles were measured by an instrument
connected directly to the inboard end of the right ele-
vator.

The 16-millimeter gun cameras were mounted inside
the vertical fin and in the bottom of the fuselage some-
what to the irear of the elevator hinge axis. Detail views
of the camera installations are shown in figures 5 and 6.
The locations of the camera ports relative to the right
elevator are shown in figure 7. Due to space limitations,
a periscope arrangement consisting of an inclined mirror
was used with the camera mounted vertically in the fin.
The cameras were located close enough to the elevator so
that the error in the recorded fabric deflections due to
angularity of the camera axis was about 1 percent for the
upper surface and about 5 percent for the lower surface.
Difficulty was encountered in obtaining clear photogrenhs
due to vibration of the airplane. Some sufficiently good
pictures were obtained, however, to permit making measure-
ments of the fabric deflection directly from enlargements
of the photcgraphs. 1In order that the deflections at the
center of the unsurported fabric panels could be measurcd
easlly, strips of white tape were placed chordwise equi-
distant from the ribs, and spanwise along the leading and
trailing edges of the fabric panel bouncdaries. Repre-
sentative gun camera pictures obtained in flight are shown
in figure 8.

Elevator internal pressure was measured with an NACA
alrspeed recorder. One slde of the pressure cell was
vented through an open tube to the center of the clsvator
fabric panel at midspan of the right elevator. Tle other
side of the pressure cell was vented to the alrsvneed
static pressure head. Elevator internal pressure measure-
ments were corrected for the position error of the pitot-
static head.

Symbols used throughout this report are:

Py difference between static pressure inside ele-
vator and free-stream static pressure

Beg elevator angle, degrees from stabilizer
N.U. nose up
N.D. nose down

n normal acceleration in gravity units
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RESULTS AND DISCUSSION

Figure 9 shows a comparison of the static longitudinal
stability of the P-63A-1 airplane with normal rated power
for comparabie center-of-gravity locations with the two
different stabilizer incidence and elevator rib spacing
combinations tested. Figure 10 is a similar plot for the
engine-idling condition. Pigures 9 and 10 show that two
important effects resulted from decreasing the stabilizer
incidence and reducing the elevator rib spacing. First,
with the stablilizer set 2.70 up from the thrust axis, the
elevator angle for trim in high-speed straight flight was
over 50 up from the stabilizer; whereas, with the sta-
bilizer set 1.1° up from the thrust axis, the elevator
angle for high-speed trim was about 0.5° down from the
stabilizer., Second, increasing »ull stick forces with
increasing speed were necescary to maintain trim at high
speed with the high incidence )%»inch rib-spaced elevator

o

combination; wherecas, with the low incideace h%—inch rih-
L

spaced combination, vnush stick forces were required to
maintain trim throughout the high-speusd range tested.
Tests made at the Bell Alrcraft Corporation showed that
increasing the number of elevator ribs decreased the
magnitude of the pull stick forces which occurred with
the stabilizer set 2.7° uv from the thrust axis. The
installation of a metal-covered elevator further reduced
the magnitude of the pull stick forces which occurred
with the original incidence of 2.7° up from the thrust
axis but did not cause the force variation with sneed to
follow a stable trend. Therefore, test cdata indicate the
departure from a stable variation of the stick force versus
speed curve was assoclated with the excessively high sta-
bilizer setting. It is believed that this high stabilizer
setting affected the manner of distortion of the elevator
covering and possibly resulted in twisting the stabilizer
at high speeds.

Further information on the contrivution of fabric
distortion to the undesirables stick-force variation wit
speed is provided by the data shown in figure 11 which
shows the variation of elevator section shape with gpeed

for the 8%-inch rib-spaced slevators with the stabilizer

incidence 2.7° up from the thrust axis, as determined from
gun camera pnotographs. The fabric distortion character-
istics shown by figure 11 may be explained as follows:
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‘ 1. The fabric on both upper and lower surfaces
bowed inward (cusped) under the influence of the
negative internal pressure. Since the elevator
internal pressure remained at about 1}, percent of
the free-stream impact pressure below free-stream
static pressure, the amount of fabric deflection
tended to vary approximately linearly with indicated
airsveed. Such a variation is to be expected because
although the pressure on the fabric increases as the
square of the speed, the resistance of the fabric
panel to deflection increases rapidly at large fabric
deflections (reference 2). That the variation of
fabric deflection (cusping) with indicated airspeed
was approximately linear 1s borne out by the data
shown in figure 15, wherein the maximum fabric
deflections of the upper and lower surfaces are
plotted against indicated airspeed.

2. The elevator mean camber line was bowed
downward slightly due to the air load on the elevator.
Since up elevator was required to trim the airplane
at high speed on account of the high stabilizer
incidence, the air load on the elevator was probably
downward and the mean camber line was therefore
depressed.

Progressive cusoping of the elevator might cause the
elevator hinge-moment coefficients Chg and Chg tO

become more negative with increasing speed in such a
manner as to shift the stick-free neutral point forward.
If the stick-free neutral point moved past the center-of-
gravity position, an unstable variation of stick force
with speed would be expected. Bowing of the elevator
mean camber line in a downward direction might cause a
change in hinge moment in the direction such that pull
stick forces are required as the speed increases.

The quality of the photographs did not permit
measurements of sufficient exactness to allow determina-
tion of how much either of the two aforementioned effects
contributed to the measured stick-force instability.

Figure 12 shows the distortlon characteristics
through the speed range of the hE—inch rib-spaced ele-
vators with the low stabilizer incidence of 1.1° up from

the thrust axis. The internal pressure for this elevator
was about 11 percent of the free-stream 1mpact pressure
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below free-stream static pressure at high speeds. Exani-
nation of the maximum fabric deflection which occurred
with these elevators at high speeds (fig. 15) shows that
at the highest speeu for which comparable data are
available (Vls = 360 moh) the deflection was only about

one-fourth as great as it was for the original 85-1nch

rib-spaced elevators. This large recduction in fabric
distortion is to be expected because theory indicates
that for constant vressure differential the maximum fabric
deflection in a panel should vary apnproximately as the
square of the unsupvorted gap distance. Warping of the
mean camber line of the 4%—1ncq rib-spaced elevators at
L
high speed was scarcely discernipvle so vhat the elevator
mean camber lines are omitted in figure 12. The absence
of curvature of the mean camber line would be expected
because the elevator wir load at high speed should be
small when the elevator is approximauely alined with the
stabilizer for straight flight trim.

It is of interest to note that the accuracy with
which fabric contours can be dupllcated from lbé-millimeter
film is DrobablV indicated by the scatter of the data
shown in figure 15. 1In th connection the large relative
scatter in the data for tne 8_-1nck rib-spaced elevators

as compared to the data for the L -inch rib-spaced ele-

vators is believed to be explained by the quality of the
photographs obtained in the two sets of tests. The first
tests were made with the 8% -inch rib-spaced elevators and

considerable blurring was encountered in the pictures of
the upper surface (see also fig. 8). For the second tests
with the hl-inch rib-spaced elevators the blurring was

largely eliminated by stiffening the upper-surface camera
mount. ‘

Figure 1% represents a series of elevator section
shapes measured in turns at Vig = 360 miles per hour

with the 8%—1ncn elevator rib-spaced, 2.7° up from the

thrust axis, stablilizer incicdence combination. Figure il
is a similar plot for the %% inch elevator rib-spaced, 1.1°

up from the thrust axis stablllzer incidence comoination
at Vis = 2300 miles per hour. In both cases the center
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of gravity was at 27.5 percent mean aerodynamic chord.
These figures indicate the amount of fabric deflec-

tion and warping of the elevator mean camber line

was independent of normal acceleration or elevator angle
at constant indicated. airspeed, for the range of elevator
angles used in these turns. There was no measurable dii'-
ference between the variations of stick force with
acceleration for the two stabilizer incidence, elevator
rib-spacing conbinations tested. TFor this reason the
data are not shown. Both combinations tested had normal
variations of stick force against acceleration up to 5g
acceleration at constant indicated alrspeeds below

260 miles per hour.

CONCLUDING RIMARKS

On the basis of data presented and discussed in this
report, the following conclusions may be drawng

1. The stick-free longitudinal instability of the
original production P-53 airplanes in high-speed straight
flight was caused by excessively high stabilizer incldence
in combination with fabric-covered elevators having
excesslvely wide rib spacing.

2. Stick-free stability was improved to a satisfactory
degree by lowering the stabilizer incidence from 2.7°
to 1.1° up from the thrust axis and bX changing the ele-
vator rib spacing from 8% inches to hﬂ inches.

%3, Maximum deflection of the fabric elevator covering
at high speed was reduced to about one-fourth 1ts previous
amount by reducing the rib_spacing of the original ele-

vators from 8% inches to L= inches, and by reducing the

stabilizer incidence from 2.7° up from the thrust axis
to 1.1° up from the thrust axis.

li. Stick forces in turns up to 5g normgl‘agceleration
at constant indicated alrspeeds up te.360 miles. per hour
were substantially the same within the accuracy of the
measurements with the two horizontal-tall configurations
tested which consisted of 2.7° stabilizer incidence with

an elevator having 8%—inqh rib spacing and 1.1° stabilizer
incidence with .an elevator having hﬁ-inch rib spacing.
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5. Data obtained by the Bell Alrcraft Cornorat¢on
indicated that the stick-free instability associated with
the stabilizer set 2.7° up from the thrust axis could not
be eliminated by resorting to metal-covered elevators; a
lowering of the stabilizer incidence was necessary to
ellm1nate the unstable stlok-¢orce variation with sneed
in- stralbht fllght o

Langley Memorial Aeronauticél Laboratory
National Advisory Committee for Aeronautlcs
Lanﬂley Field, Va. :
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Figure 1,~ Three view drawing of the P-b3A-1 airplane.
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Figure 7.- Locations of gun camera ports relative to right
elevator, P-63A-1 airplane.
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